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ABSTRACT 



In this letter we present clear evidence that Mrk 573 is an obscured Narrow- 
Line Seyfert 1 (NLSyl) and not an archetypal Seyfert 2, as it has been classified 
until now. Only three galaxies have been proposed as members of this class, prior 
to this work. Here we report near-infrared spectroscopic data taken with LIRIS 
on the 4.2 m William Herschel Telescope (WHT). Our high quality near-infrared 
nuclear spectrum in the 0.88-1.35 /im wavelength range shows the permitted O I 
AA1. 128, 1.317 narrow lines, the Fe II 9200-A lines and the Fe II l-/im lines, 
together with a relatively broad component (~ 1700 km s -1 ) of Pa/5. These 
features can originate only in an optically thick high density region, similar to 
those observed in the Broad Line Region (BLR). 

Subject headings: galaxies: active - - galaxies: individual (Mrk 573) - - galax- 
ies:nuclei — galaxies: Seyfert — infrared:galaxies 



Introduction 



The NLSyl galaxies (jOsterbrock fe Pogge Ill985l ; iPogge Il2000l ) share the optical proper- 
ties of Seyfert 1 nuclei, except that they show narrower Balmer lines (FWHM < 2000 km s _1 ) 
and strong optical Fe II emission. In the X-rays, the se objects are also peculiar because of 



their soft X-ray excess and rapid X-ray variability (lBoller et al. 



1996 



Veron-Cetty et al. 



20011 ) , together with a very steep photon spectral index (ILeighly I Il999i ) . The most ac 
cepted explanation for these extreme X-ray properties are high Eddington ratios (L/L^d ~ 
-10) and lower bla c k hole masses r elative to oth er Seyfert nucl ei (Mbh ~ 10 6 ~ 7 M P 



(Mathur et al 



2001 



Boroson 1 12002 : iGrupe I l2004h . In addition, iNaear et all (120021 ) and 



Dewangan fe Griffiths I (120051 ) suggested the existence of the Type 2 counterparts of the 
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NLSyl, i.e., obscured NLSyl, which appear as Seyfert 2 galaxies bu t containing a Seyfert 1 



engine characterized by a high accretion rate or a small BH mass. iDewangan fe Griffiths 
( b005h proposed NGC 7582, NGC 5506, and NGC 7314 as obscured NLSyl, based on their 
extreme X-ray variability and Compton-thick natu re. NGC 5506 was also confirmed as a 
NLSyl in the near-infrared by iNagar et al.l (120021 ) . This type of objects would be miss- 
classified using only the visible range. They can be distinguished through low extinction 
wavelength regimes, for example the near-infrared. 

The galaxy Mrk 573 has been extensively studied by many authors. Its active nu- 
cleus is hosted in a (R)SAB(rs)0+ galaxjQ and has been classified until now as a classi- 



cal Type 2 nucleus from previous optical (jTsvetanov fe Walsh 



1992 



Mullanev fe Ward 20081 ) and infrared s pectroscopic data ( Veilleux et al. 



Erkens et al 



1997 



1997 



Riffcl et al. 



20061 ). Spectropolarimetric observations (INagao et al.ll2004l ) reveal a broad component of the 
Ha profile (~ 3000 km s _1 ), together with the optical Fe II multiplet. Prominent forbidden 
high-ionization emission lines have also been detecte d in the optical spe c trum of this galaxy, 



as fo r example [Fe VII] A 0.609 and [Fe X] A 0.637 (lErkens et all Il997l : Mullanev fe Ward 



20081 ). In the X-ray regime this galaxy presents a soft X-ray excess (L° H t =1.6xl0 41 erg s x ) 



and a steep photon spectral index (r=2.7±0.4) (jGuainazzi et al.ll2005l ). It also appears as a 



Compton -thick object (Nh > 1 .6 x 10 cm ) and shows a large EW of the K a fluorescent 



iron line (jGuainazzi et al.l 120051 ). 



In this letter we report on new LIRIS near-infrared spectroscopy of Mrk 573, that, 
together with the X-ray properties of this galaxy, unambiguously identifies it as an obscured 
NLSyl. This re-classification is based on the detection of the permitted Fe II 9200-A lines 
and the Fe II l-^m lines, together with O I AA1. 128, 1.317, and a relatively broad component 
of the Pa/3 line. We also report the first detection of a conspicuous line at 0.962 /zm, that 
tentatively could be identified either as O I and/or He I transitions. 



2. Observations and data reduction 



High quality near-infrared long-slit spectra in the range 0.8-2.4 /zm wer e obtained on the 
night of 2006 July 17, using the near-infrared camera/spectrometer LIRIS (IManchado et al. 
20041 ). on the 4.2 m William Herschel Telescope (WHT). The spatial scale is 0.25" pixel -1 , and 
the slit width 0.75" (allowing a spectral resolution in the range ~ 600-400 km s _1 ). The slit 
was centered on the galaxy nucleus and it was oriented along P.A.=122°, coincident with the 



1 The redshift of the galaxy has been measured to be z=0.017 (jRuiz et al.ll2005j ). which implies a physical 
scale of 333 pc arcsec -1 , using Ho = 75 km s _1 Mpc -1 . 
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orientation of the ionization cone observed by lPogge fe De Robertis I (119951 ) . Weather condi- 
tions were good, with the seeing varying between 0.8"and 0.9". Observations were performed 
following an ABBA telescope-nodding pattern. A total exposure time of 4000 s was taken, 
divided into individual frames of 500 s each. The data were reduced following standard pro- 
cedures for near-infrared spectroscopy, using the lirisdr dedicated soft ware within the IRAF§ 
enviro ment. For a detailed description of the reduction process, see iRamos Almeida et al. 
( 120061 ). The nearby AO HD 2193 star was observed with the same configuration and similar 
airmass to the galax y to perform the t elluric correction and the flux calibration. A modified 
version of Xtellcor (IVacca et al.l 120031 ) was used in this step. Note that the absolute flux 
calibration is intended to be an approximation since the spectrum of the comparison star is 
probably subject to centering and tracking errors, as well as slit losses. 



Results 



The final nuclear spectrum, extracted with a 1.5" aperture centered on the maximum 
of the galaxy profile, is shown in Fig. [IJ Most detected lines are marked in the figure, and 
their fluxes and FWHM (measured by fitting a Gaussian profile using the Starlink program 
DIPSO) are reported on Table [TJ In general terms, the spectrum is typical of a Seyfert 2 
galaxy, showing very high ionization lines such as [S VIII] AO. 991 and [SIX]A1.2 52. One can 
also n ote the presence of the 1.1 /im CN band, first reported for this galaxy by iRiffel et al. 
(120061 ). that shows the existence of young/intermediate stars in the nuclear region. The main 
focus of this letter is on the detection of the permitted O I and Fe II lines well above the 
noise level and of the broad wings of the Pa/5 profile. 

The O IAA1.128, 1.31 7 permitted tra nsitions are produced by Ly/3 pumping in a Bowen 
fluorescence mechanism ( IGrandi I Il980l ). and they are only produced in a high density 
optically-thick gas. Thus, these lines are seen only in Seyfert 1 or NLSyl nuclei, but never 
in canonical Seyfert 2 galaxies. 

In Fig. [2] all the detected Fe II transitions are labelled for both the Fe II 9200-A lines 
(0.893, 0.908, 0.913, 0.917, 0.922, 0.930 /an), and the Fe II l-^m lines (0.997, 0.999, 1.002, 
1.019, 1.051, 1.052, 1.053, 1.055, 1.064, 1.086, 1.111, 1.122 jj,m). Very few Seyferts with 
near-infr ared detection of permi t ted Fe II lines ha v e been reported until now in t he lit - 
erature faudv et all I2OO0I . bpOll : iNaear et all I2OO2I ; iRodrfguez-Ardila et all l2002al . boosh . 



2 IRAF is distributed by the National Optical Astronomy Observatory which is operated by the Associ- 
ation of Universities for the Research in Astronomy, Inc., under cooperative agreement with the National 



Science Foundation (http://iraf.noao.edu/). 
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The detection of Fe II lines provides crucial information on the ion ization mechanism of 



the gas, since they are thoug ht to be pumped by Lya fluorescence (IJohansson &: Jordan 



19841 ; ISigut &: Pradhan 1120031 ) and they can be formed only in high density clouds or in the 
optically-thick BLR. 

For Mrk 573, we estimate the line width of O IA1.317 to be FWHM ~ 320 km s _1 , which 
is practically the same as the narrow component of the recombination lines (see Tabled]). For 
NLSyl the widths of the O I and Fe II lines do not necessarily have to be comparable to the 
broad component of the recombination lines. For example, in the c ase of Mrk 335, the Pa/3 
FWHM = 2050 km s~\ while the O IA1.128 FWHM = 1100 km s" 1 faodriguez-Ardila et al. 
2002bl ). More dramatic is the case of Ark 564, another typical NL Syl, for which the Pa/3 
FWHM = 1800 km s~\ while the O IA1.128 FWHM = 600 km s" 1 JRodrfguez-Ardila et al. 



2002bf ) 



A relatively broad component of the Pa/3 profile with FWHM ~ 1700 km s _1 is detected, 
in addition to the nar row component (se e Fig. [3] and Table [1]). This line width is smaller 
than the reported by iNagao et al.l (120041 ) for the optical hydrogen recombination lines in 
polarized light. The Pa/3 broad compo nent contains about 50% of the total line flux, which 
is very similar to the fraction found by iNagar et al.l (120021 ) for the same line in NGC 5506. 



Another interesting feature detected in our spectrum is seen at 0.962 fim, very close 
to the prominent [S III] A0.953 line. The former is not d etected in previous near-infrared 
spectra of Mrk 573 (jVeilleux et al.l 119971 : iRiffel et al.l 120061 ) and remains unidentified in the 
literature. The most likely possible identifications of this line are O I (3Do-3D) or He I (lPo- 
lD)|fl We can not discard either of the two posibilities, since we detect other O I lines in 
our near-infrared sp ectrum, and also, in the optical, He IA0.668 (lPo-lD) has been detected 
(ferkens et aDll997h . It is noticeable the FWHM of this line (~ 700 km s^ 1 ), that is the 
broadest of our spectrum (see Table [TJ, which could be due to line blending. There are 
another two lines very close to Pa/? (see Figs. [Hand [3}, at 1.287 and 1.292 /mi. Tentatively, 
they are Ne II (2D-2P ) and Ne fl, respectively, according with the NIST Atomic Spectra 
Databas^. The non-detection in previous near-infrared spectra of all the features mentioned 
in this section could be due to the higher signal-to-noise of our data, or to a more complex 
scenario that would allow time variations in the spectrum of Mrk 573. 



3 Computed with the line identification software package EMILI |Sharpee et all 12003). that employs an 
updated version of the v2.04 Atomic Line List. 

4 Ne I (2s 2 2p 5 ( 2 P? /2 )3p 2 [3/2] 2 - 2 S 2 2p 5 ( 2 P 3 ° /2 )4 S 2 [3/2]^) 
5 http:/ /physics. nist.gov/PhysRefData/ASD/lines_form. html 
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4. Discussion 

The detection in our near-infrared spectra of the permitted Fe II and O I lines, together 
with the relatively broad component (~ 1700 km s" 1 ) of Pa/5 argues against the Seyfert 2 
nature of Mrk 573 and fits perfectly in the classical definition of NLSyl gala xies. This is 



also c onfirmed by the presence of the optical Fe II multiplet in polarized light (jNagao et al. 



20041 ). The X-ray properties of Mrk 573 are also typica l of NLSyl galaxies: a soft X-ray 
excess and a steep photon spectral index (r=2.7±0.4) (jGuainazzi et al.ll2005l ). We have 
searched for X-ray variability in the publicly available XMM-Newton data of this galax}@. 
The light curve shows variations of the count rate s by a factor of ~ 2 within 300 s 



sec 



Fig. SI), which is similar to th e variability of NLSyls (ILeighly Ill999l ; IVeron-Cetty et al.ll2001 
Dewangan fe Griffiths |[20oih . 



The optical spectra also reveals broad components of the Ha and H/9 profiles of ~ 3000 
km s _1 in polarized light (jNagao et al.ll2004l ). These line wi dths are, in principle, more typical 
of Syl than of NLSyl galaxies. Nevertheless, very recently, iMullaney fe Ward I (120081 ) found 
that in order to reproduce the Ha and H/3 profiles of a sample of well-known NLSyl galaxies 
they needed three components of different widths (the broadest ones of FWHM > 3000 
km s _1 ). These find ings indicate that the limit of FWHM < 2000 km/s imposed in the 
definition of NLSyl (IPogge 1 120001 ) is not realistic. Indeed, Mrk 573 shows examples of the 
three kinematical components in its optical and near-infrared spectra. Thus, there must exist 
an intermediate high-density region, with intermediate properties between the Narrow-Line 
Region (NLR) and the BLR, that is producing the observed O I and Fe II lines, together 
with the relatively broad component of Pa/3. This intermediate region must be dense enough 
to produce lines which are broader than the narrow lines, but not as broad as those detected 
in polarized light. 

In "classical " NLSyl galaxies , both the O I and Fe II permitte d lines are nor mally 
more prominent (IRiffel et al.l 120061 ). although not necessarily broade r (IGrandi II1980T ) than 



in Mrk 573. Moreover, their optical counterparts are also detected ( 1 Collin fe Joly 



20001) 



which is not the case for this galaxy. These lines must then be produced in the previously 
mentioned intermediate high-density region, and must be affected by a moderate amount of 
extinc tion. More interna lly, in the BLR, the ~ 3000 km s _1 components observed in polarized 
light (jNagao et al.l 120041 ) should be produced, but it is difficult to see them directly, due to 
the presence of an obscuring structure. A similar scenario occurs in the NLSyl Mrk 618, in 
which the Ha profile shows three components: a narrow one of FWHM ~ 200 km s _1 , an 



6 The data (taken on Jan 2004) have been retrieved from the XMM-Newton archive and processed using 
the task "evselect" from the package SAS v7.0.0. 
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intermediate of ~ 1700 km s 1 , and a broad component of ~ 3200 km s 1 ( iMullaney fc Ward 
20081 ). For Mrk 573, we would be seeing the narrow and intermediate components, while 



the broadest one would be obscured. The existence of an obscuring structure is also in 
agreement with the X-ray spectra being C ompton thick based on the large EW of the K a 
fluorescent iron line (IGuainazzi et al.ll2005l ). Indeed, from high-spatial resolution color maps, 
Guillen et al.l (119991 ) reported the presence of a bar of lengt h 2", together w it h lea ding dust 
lanes and possibly a dusty disk perpendicular to the jet. IGuainazzi et al.l (120051 ) claimed 
that the presence of dust lanes is correlated with X-ray obscuration. 

From all the above considerations, we can re-classify the nuc leus of Mrk 573 as a hidden 
NLSy l, a new member of the class proposed by lNagar et al.l (120021 ) and lDewangan fe Griffiths 
( 120051 ) . It shares the properties of the class: X-ray variability within similar timescales, steep 
photon spectral index, high intrinsic absorption column density, and prominent iron K a line. 
It is also worth to mention that in the infrared spectrum the Pa/3 profile is very similar to 
that of NGC 5506, presenting in both broad pedestal (FWHM~ 1800 km s" 1 ). 

A possible scenario that woul d explain the observed properties of Mrk 573 would be the 



existe nce of a clumpy dusty torus (INenkova et al.ll2002l ; iHonig et al.ll2006l ; IHonig fe Beckert 



20071 ) that at the epoch of the observations was optically thinner, revealing high-density 
regions capable of producing the O I and Fe II lines, together with the intermediate compo- 
nent of Pa/?. The clumply torus model would a llow mutations between Type 1 and Type 2 
ob jects, as for NGC 7582 (lAretxaga et al.lll999l ). which is one of the three objects classified 
by iDewangan fe Griffiths I (120051 ) as an obscured NLSyl. This scenario would also explain 
the detection of the permitted O I and Fe II lines, the relatively broad component of Pa/3, 
and the un i dentifi ed 0.962, 1.287, and 1.292 /mi features, that were not reported in the 
Riffel et al.l (120061 ) near-infrared spectrum, obtained in October 2003. 



A more complex revision of this scenario was discussed by lElitzur fe Shlosman I (120061 ) , 
in which the clumpy torus would be formed as an outflow or hydromagnetic disk wind. They 
proposed that the torus dissapears when the bolometric luminosity goes below 10 42 erg s _1 , 
since the accretion onto the central black hole cannot then sustain the necessary cloud outflow 
rate. They also predict that for even lower luminosities the BLR would also dissapear, due 
to the suppression of the cloud outflow. Mrk 573 could be near the lower luminosity limit 
required for the maintenance of the cloud outflow, leading to the eventual demise of the 
obscuring structure. 
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Line Nucleus 


A 


Flux 


FWHM 




(/mi) 


10~ 15 ergs cm~ 2 s -1 


km s _1 


[SIII] 


0.907 


116 ± 3 


470 ± 20 


[SIII] 


0.953 


279 ± 3 


378 ± 8 


I + He I ? 


0.962 


26.5 ± 1.7 


680 ± 50 


[CI] 


0.982 


2.9 ± 0.6 


260 ± 90 


[CI] 


0.985 


5.4 ± 0.8 


250 ± 90 


[SVIII] 


0.991 


13.6 ± 0.8 


200 ± 40 


Pa<5 


1.005 


4.4 ± 0.5 




He II 


1.012 


21.3 ± 0.8 


510 ± 30 


[SII] 


1.029 


5.6 ± 0.7 


210 ± 80 


[SII] 


1.032 


9.4 ± 0.9 


670 ± 90 


He I 


1.083 


119 ± 2 


370 ± 14 


Pa 7 


1.094 


16.6 ± 1.6 


430 ± 60 


I 


1.128 


2.6 ± 0.9 




[PII] 


1.147 


3.3 ± 0.7 


340 ± 140 


[PII] 


1.188 


3.4 ± 0.7 




[SIX] 


1.252 


8.5 ± 0.7 


200 ± 40 


[Fell] 


1.257 


17 ± 1 


620 ± 50 


Pa/3 narrow 


1.282 


15.7 ± 1.3 




Pa/3 broad 


1.282 


16 ± 3 


1700 ± 400 


Nc II ? 


1.287 


10.3 ± 1.7 


270 ± 50 


Ne I ? 


1.292 


8.6 ± 0.9 


350 ± 60 


I 


1.317 


8 ± 2 


320 ± 100 


[Fell] 


1.321 


13 ± 3 


480 ± 160 



Table 1: Emission lines detected, central wavelength (rest frame), line fluxes, and FWHM corrected for 
instrumental broadening. Lines whose FWHM values are not shown are narrower than the instrumental 
profile. 
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Fig. 1. — Normalized spectrum of the nuclear region of Mrk 573 in the ZJ range. Detections of the 
permitted Fe II 9200-A lines and the Fe II 1-yum lines, together with the O I AA1. 128, 1.317 are clear. Note 
the broad base of the Pa/3 profile. 
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Fig. 2. — Detailed view of the nuclear spectrum of Mrk 573 around the permitted Fe II 9200-A lines and 
the Fc II 1-fim lines. 
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Fig. 3. — Detailed view of the nuclear spectrum of Mrk 573 around the Pa/3 line. The narrow and 
intermediante components are represented, together with the gaussian profiles of the two unidentified lines, 
at 1.287 and 1.292 /im, respectively. 
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Fig. 4. — The 2-12 keV EPIC-pn light curve of Mrk 573 spanning the full length of the observations with 
bins of 200 s. The inset represent one of the extreme events with smaller bins of 50 s. 



